A comparative study of high-field diamagnetic fluctuations in deoxygenated 

YBa2Cu30j-x and polycrystalhne {Bi — Pb)2Sr2Ca2Cu30io 
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We studied three single crystals of Y Ba2Cus,07-x (Y123), with superconducting transition tem- 
perature, Tc= 62.5, 52, and 41 K, and a highly textured polycrystalhne specimen of [Bi — 
Pb)2Sr2Ca2Cu30\o (Bi2223), with Tc = 108 K. Isofield magnetization data were obtained as a 
function of temperature, with the magnetic field applied parallel to the c axis of each sample. The 
reversible magnetization data for all samples exhibited a rounded transition as magnetization tended 
toward zero. The reversible data were interpreted in terms of two-dimensional diamagnetic lowest- 
Landau-level (LLL) fluctuation theory. The LLL scaling analysis yielded consistent values of the 
superconducting transition temperatures Tc{H) for the various samples. The resulting scaling data 
were fit well by the two-dimensional LLL expression for magnetization obtained by Tesanovic and 
colaborators, producing reasonable values of k but the fitting parameter produced values that 

were larger than the experimentally determined ones. We performed simultaneous scaling of Y123 
data and Bi2223, obtaining a single collapsed curve. The single curve was obtained after multiplying 
the X and y axis of each scaling curve by appropriate sample-dependent scaling factors. An expres- 
sion for the two-dimensional x-axis LLL scaling was extracted from theory, allowing comparison 
of theoretical values of the x-axis scaling factors with the experimental values. The comparison 
between the values of the ar-axis produced a deviation of 40% which suggests that the hypothesis of 
universality of the two-dimensional lowest-Landau-level fluctuations is not supported by the studied 
samples. We also observe that Y123 magnetization data for temperatures above Tc obbey a universal 
scaling obtained for the diamagnetic fluctuation magnetization from a theory considering non-local 
fleld effects. The same scaling was not obbeyed by the corresponding magnetization calculated from 
the two-dimensional lowest-Landau-level theory. 
pacs74.40.-|-k 

I. INTRODUCTION 



Fluctuation effects below and above the superconduct- 
ing transition temperature , Tc{H), for high- Tc supercon- 
ductors have been the subject of intensive work [1-12]. 
Field effects have been shown to enhance the fluctuation 
region (beyond Gaussian) due to the one-dimensional 
character imposed by a strong field to the Cooper pairs 
[13,14], constraining the paired quasi-particles to remain 
in the lowest Landau level (LLL). The corresponding 
quartic term correction to the free energy density sup- 
presses the sharp second-order phase transition, round- 
ing it on AT near Tc{H) [15]. High- Tc superconductors, 
with their small coherence lengths, ^, high Ginzburg- 
Landau (GL) parameters, k, and high critical temper- 
atures, Tc, display a broad fluctuation region. Theoret- 
ical work has shown [2,3] that in the presence of strong 
magnetic fields, for which the LLL approximation can be 
used, the AT fluctuation region around Tc, for a system 
with dimensionality D is proportional to (Tff)'^^^^^/-^, 
and that within this region physical quantities such as 
magnetization and direct-current conductivity should be 
scaled with (TiJ)^^"^^/^. For magnetization in par- 
ticular, scaling predicts that M vs T data obtained at 
different fields, if, should collapse onto a single curve 



when the variable M / (TH)^^-^^/° is plotted against 
(T - Tc{H))/{TH)(^-^^'" . Here, Tc{H) becomes a fit- 
ting parameter. This scaling law has been used to iden- 
tify LLL fiuctuations in a given material, and also to 
determine its dimensionality [4-9,11,12,16]. 
An important check of the scaling is that it should 
provide reasonable values of Tc{H) [4,8,16]. For 
lower-dimensional or layered materials, the LLL anal- 
ysis also helps to explain the crossing points ob- 
served in magnetization- vs-temperature (M-vs-T) curves 
[5,6,9,10,12].^ 

Despite the intensive work on LLL fluctuations, there 
have been few experimental efforts [16] devoted to study 
of the universality of the high-fleld fluctuation scaling, 
which is an important prediction of the LLL-based the- 
ories for systems with a given dimensionality. Theories 
predicting a universal curve have been developed by Ul- 
lah and Dorsey [2], Tesanovic et al [5,7], and Rosenstein 
et al. [12]. They have been used to flt data of specific 
systems. In most of the papers where a universal curve 
was fitted over experimental data, the fitting produced 
very large values of ^^fr- , values much larger (4-5 times) 
than experimentally determined ones. Possibly due to 
this fact, the literature is to our knowledge lacking on 
experimental work that tests adequately the existence of 
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a universal curve that should fit two or more different 
samples. Furthermore, it is of fundamental interest to 
ask whether scaling for two different high-Tc systems ex- 
hibits universal behavior. To provide such a test was the 
main objective of this work. The work was also moti- 
vated by the possibility of studying the evolution of the 
magnetic phase diagram of Y123 with content of oxygen. 
In this work, we addressed the above question by study- 
ing two different systems (FJ5a2Cu307_2; (Y123) and 
a highly textured polycrystalline specimen of {Bi — 
Pb)2Sr2Ca2Cu30io (Bi2223)). These two systems are 
expected to exhibit D = 2 for high fields. We fit a 
two-dimensional LLL universal curve to the experimen- 
tal data from each sample, which produced reasonable 
values of k for three samples (except, for the Y123 sam- 
ple with Tc = 62.5 K), but values of ^^fr- were too large 
when compared with the experimentally determined val- 
ues. We also performed a simultaneous two-dimensional 
LLL scaling analysis, obtaining a single collapsed curve 
for all data sets. The single collapsed curve was obtained 
after multiplying each sample data set by an appropri- 
ate sample-dependent scaling factor. An expression of 
the universal two-dimensional x-axis scaling factor was 
extracted from the theory and compared with the exper- 
imental values. The largest deviation found from this 
comparison is over 40%. The values of used in the 
theoretical x-axis expression were the experimental ones. 



II. EXPERIMENT 

The samples that were measured were: three single 
crystals oiY Ba^Cu^O-^-x with critical temperatures, Tc 
of 62.5 K (x = 0.35), 52 K (x = 0.5), and 41 K (x = 0.6), 
and corresponding masses of 1.2, 1.0, and 1.0 mg, and a 
highly textured polycrystalline {Bi—Pb)2Sr2Ca2CiisOu) 
with Tc = 108 K [17] and m ~ 4 mg. AU of the Y123 sin- 
gle crystals were of approximate dimensions 1 x 1 x 0.2 
mm, with the c axis along the shorter direction, and each 
exhibited sharp, fully developed transitions {ATc ~ IK). 
The textured Bi2223 was cut into a similar shape as that 
of the single crystals, but with a mass about four times 
larger. The Bi2223 sample also exhibited a fully devel- 
oped transition (ATc ^ 3K). 

A commercial magnetometer (MPMS Quantum Design) 
based on a superconducting quantum interference device 

(SQUID) was utilized. The scan length was 3 cm, which 
minimized field inhomogcneitics. Experiments were con- 
ducted by obtaining isoficld magnetization (M) data as 
a function of temperature (T), producing M-vs-T curves, 
with values of field running from 5000 to 50000 Oe. Mag- 
netization data were always taken after cooling the sam- 
ple below Tc in zero magnetic field. After cooling, a mag- 
netic field was carefully applied (without overshooting), 
always along the c axis direction of the samples, and M- 
vs-T curves were obtained by heating the sample to tem- 



peratures well above Tc, for fixed AT increments. 
We also obtained several field-cooled curves, correspond- 
ing to cooling the sample from above Tc to below Tc, in 
an applied magnetic field. This procedure allowed deter- 
mination of the reversible (equilibrium) magnetization. 



III. RESULTS AND DISCUSSION 

Figure 1 shows zero-field-cooled M-vs-T data obtained 

for the Y123 (main figure) and Bi2223 (inset of Fig. 1) 
samples after background correction. Background cor- 
rections for all samples were of the type M(T) = A -|- 
B/T, where A and B are constants determined by fitting 
a selected region of a given curve well above Tc{H). Two 
facts, observed for all curves of Y123 samples, are evi- 
dent: 

(1) Magnetization showed a "hump" that appeared at 
lower temperatures, occurring at the position at which 
the field-cooled and zero-field-cooled curves separated 
(where irreversibility set in) . Such a hump appeared in all 
M(T) curves obtained from the Y123 samples. The hump 
is reminiscent of the so-called "paramagnetic Meissner ef- 
fect", PME, observed in Type-II superconductors [18,19]. 
In this work, magnetization was obtained through a rou- 
tine that fits a standard symmetric dipole into the out- 
put signal, which was generated after the entire length of 
the scan was completed. We observed this output dipole 
signal on the screen during some measurements. The 
dipole diamagnetic signal for the scan length that was 
used was symmetric for temperatures corresponding to 
the reversible region of the M-vs-T curve, but the sig- 
nal dramatically lost symmetry for temperatures corre- 
sponding to the hump (irreversible region). Therefore, 
we concluded that the hump was probably an artifact of 
the equipment that was used and was due to the fitting 
routine. It is worth mentioning that the paramagnetic 
Meissner effect was also observed in niobium in Ref.l9 
where it is suggested that the PME is a surface effect not 
specific to high- Tc superconductors. In this work, the 
hump was used to identify the lower-temperature limit 
of the reversible region in each M-vs-T curve. We shall 
not discuss irreversibility effects or the irreversibility line 
in this work. 

(2) A rounded transition was observed as magnetization 

tended to zero. Such a transition impeded a straight- 
forward determination of Tc{H). This response was ob- 
served in all M-vs-T curves that were obtained. Such a 
rounded transition has been shown to be associated with 
high-field diamagnetic fiuctuations of LLL type [3-6,16]. 
Figure 1 also shows the existence of a crossing point in 
each data set, occurring close to Tc{H) (clearest for the 
sample with Tc = 41 K). These crossing points have been 
discussed previously for deoxygenatcd Y123 samples [20]. 
In that study [20], the authors used measurements ob- 
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tained for two samples of this work (the samples with Tc 
= 62.5 K and 52 K). 

For the Y123 system, reduction of oxygen content de- 
creases Tc and increases the anisotropy 7 [21]. For lay- 
ered systems, the crossing magnetic field above which the 
dimensionality of the system is reduced is expected to de- 
crease as anisotropy increases [3]. Because the value of 
the anisotropy of Bi2223 (7 ~ 31 - 50 [22-24]), which is 
known to obey two-dimensional LLL scaling [5] , is of the 
same order of magnitude as that of 7 of our deoxygenated 
Y123 samples [21], we began analysis of the Y123 data 
by performing a LLL scaling with D = 2. We mention 
that we also attempted to perform a three-dimensional 
version of the LLL scaling of our Y123 data. The three- 
dimensional version was, however, shown to apply only 
to a narrow region close to Tc{H) for the samples with 
Tc = 52 and 62.5 K, and it is not presented here. 
In the two-dimensional LLL analysis that was performed, 
M/{THf/^ was plotted versus {T - Tc{H))/ {THf/'^ . 
Tc{H) became a fitting parameter, chosen to make the 
data collapse onto a single curve. Figure 2 shows the re- 
sults of the scaling analysis performed on reversible data 
of Fig. 1. The values of the pairs {Tc{H){K), H{10^Oe)) 
and the correspondent value of for each sample 

as obtained from the two-dimensional LLL analysis are 
listed in the table below: 



Y123{A1K) 
(41,0) 
(40.5,5) 
(40, 10) 
(39.3,20) 
(38.2,30) 
(37, 40) 
(36,50) 

dH^2 



Y123{52K) 
(52,0) 
(50.8,10) 
(48.7, 20) 
(47.3,30) 
(46,40) 
(44.7, 50) 



Y12'S{62K) 
(62.5,0) 
(61.5,10) 
(60.7,20) 
(59.4,30) 
(58.2,40) 
(57, 50) 



Bi2223 
(108.5,0) 
(107,10) 

(105.5,20) 
(104,30) 

(102.5,40) 
(101,50) 

dH^2 



dT 

-lOkOe/K 



dT 

-7kOe/K 



dT 

-9kOe/K 



dT 

-7M0e/K 



It is worth mentioning that these values of Tc{H) are 
in reasonable agreement with values of Tc{H) estimated 
for each M-vs-T curve from the standard linear extrap- 
olation of the reversible magnetization down to M = 
[25]. The obtained value of for Bi2223 is in good 
agreement with published values [23,26]. 
The results of the two-dimensional LLL analysis pre- 
sented in Fig. 2 show that the collapse of data was better 
for fields in the region of 20000-50000 Oe for the crystal 
with Tc = 62.5 K, for fields in the region 10000-50000 Oe 
for the crystal with Tc = 52 K, and for fields in the region 
5000-50000 Oe for crystal with Tc = 41 K. It is interest- 
ing to note that the lowest-field data obeying the two- 
dimensional LLL for Y123 decreased as the anisotropy 
of the system increased. This behavior is predicted by 
the theory. For layered systems, the crossing magnetic 
field above which the dimensionality of the system is re- 
duced is expected to decrease as anisotropy increases [3] . 
The literature [5] presents an analytical expression for 



the two-dimensional LLL scaling function of the magne- 
tization, which is given by Eq. 7 in Ref. 4 : 



M{H,T) s<Po:dHc2. 



{HTy/^ A ' dT 



+ 2, 



where x = A{T -Tc{H))l {THf/"^ , A = a'{(t>os/2hfl'^Ua, 
(po is the quantum flux, s is the interlayer distance, 
Uo ^ 0.8 (aroimd Hc2{T)), and a'{T-Tc) = a{T), where 
a and b are the GL coeflScients. 

We applied this expression to our data. Fits by a least- 
squares minimization method were obtained with mag- 
netization in Gauss units. Dashed lines in Fig. 2 repre- 
sent the fitting results on the respective data. We used 
<^Yi23 = Q-38g/cm^ and SY123 = I2A. To our knowl- 
edge, the literature presents only one similar study (two- 
dimensional LLL fitting) performed in deoxygenated 
Y123, with Tc ~ 50K [12]. Bi2223 has been already 
studied and reported on in Ref. 5. The fitting parame- 
ters arc (^)t=Tc and a7(26)V2 = = 



■j^{^^fr-)T=Tc, where we used the relation H, 



c2 



4^K^ dT 

\/2kHc obtained in the GL linear approximation [27], 
where He is the GL critical field. The fitting results are 
shown in Fig. 2 and produced the values listed below: 



Y123{41K) Y123{52K) F123(62K) 



Bi2223 

K = 96 

l~OT~l I dT I I dT I I dT^ I 

216520e/ii' 198750e/ii' 38580e/K 2322AOe/K 



K = 79 



K = 73 



K = 114 

I 9-H"e2 I 



It is important to note two interesting results of the fit- 
tings. (1) It is consistently suggested that as the system 
becomes more two dimensional (as Tc of Y123 drops), 
fitting produces a value of the parameter k that is closer 
to the experimentally estimated value. This fact is, from 
our knowledge, a new result. (2) Despite the good qual- 
ity of the fittings, the experimental values of the super- 
conducting diagmagnetic fluctuations above Tc{H) are 
smaller than the theoretical ones. These facts were ob- 
served for data of Y123 samples with Tc = 52 and 41 
K and for Bi2223. The possibility that the theory over- 
estimates thermal fluctuations on the magnetization of 
high- Tc superconductors, as suggested by the data anal- 
ysis, has been discussed in Ref. 28. Although the fittings 
produced curves which reproduced quite well the experi- 
mental data (see the dashed lines in Fig. 2), with reason- 
able values of k (with the exception for Y123 with Tc= 
62.5 K), the resulting values of ( )t=t^ are 2-3 times 
larger than the corresponding experimental values that 
we determined. Because of this discrepancy, we then used 
a different approach to interrogate the predicted univer- 
sality of the two-dimensional LLL scaling. 
We present in Fig. 3 a simultaneous scaling curve of 
all samples data sets, including reversible data obtained 
for the Bi2223 textured sample. The resulting collapsed 
curve was obtained after multiplying the collapsed curve 
obtained from the two-dimensional LLL analysis of each 
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sample, as shown in Fig. 2, by an appropriate sample- 
dependent scaling factor. Specifically, the x axis and y 
axis of Y123 and Bi2223 data were multiplied by the fac- 
tors: x(0.84) and y(2.04) for Y123 with = 62.5 K, 
x(0.70) and y(1.61) for Y123 with = 52 K, x(0.67) 
and y(1.79) for Y123 with = 41 K, and x(1.18) and 
y(0.69) for Bi2223. The collapse of data from the four 
different samples, belonging to two different systems, was 
good and at a first interpretation, may provide support 
to the notion of universality. The dashed lines in Fig. 3 
(which appear as a single fitting curve in Fig. 3 because 
they are too close to be resolved individually) represent 
the fittings already presented in Fig. 2. 
We can take a step further, and analyze the collapse 
shown in Fig. 3 by comparing the scaling variables of 
each axis. Comparison of the "magnetization-axis" {y 
axis) is not directly possible because of differences in 
sample geometry. For example, small differences in thick- 
ness between samples, as was the case for these measure- 
ments, give rise to different demagnetization factors. In 
any case, one may observe that the scaling factors of the 
y ax;is were roughly proportional to sample mass ratio. 
Comparison of the scaling variable along the x axis is pos- 
sible, because UUah and Dorsey [2] provide an analytical 
expression for the full two-dimensional LLL temperature 
scaling variable along the x axis: 



X = 



s dH,2{T-T,{H)) 
(2k2-1)i/2I dT ' (riJ)V2 ' 



where s is the intcrlayer spacing and k, is the Ginzburg- 
Landau parameter. The ratio of the respective Bi2223 
and Y123 scaling factors, 



r = ( 



(2^2 -1)1/2 I QT 



jBj2223 



/( 



(2k2-1)i/2| dT 



■I) 



^123 



can be used to rescale the Bi2223 data to make; them 
collapse onto the Y123 data. The experimental values 
of r = XBi/xYi2?,, where xsi and a:n23 are the x axis 
sample-dependent factors listed above. A comparison of 
both r values for the samples that were examined can 
test the two-dimensional LLL hypothesis of universality. 
For a direct comparison with the experimental values, 
we require values of k, which for Y123 can be estimated 
from isothermal MvsH curves previously obtained for 
our Y123 samples [29,30]. The inset of Fig. 3 shows se- 
lected isothermal M — vs — H curves. Measurements of 
additional M — vs — H curves in these samples could not 
be made reliably because of the current low-field restric- 
tions of our equipment. The curves in the inset of Fig. 
3 allow one to estimate values of Hd- This value was 
obtained as the field for which the magnetization curve 
deviates from the linear Meissner region. These values, 
coupled with the GL relation. Hci/Hc2 = \nn/2n^ and 
values of i?c2 obtained in this work from the 2D-LLL 
scaling analysis (values are listed above), then allow one 
to estimate values of k. For the sample with = 62.5 



K, we also estimate values of Hd from MvsH curves ob- 
tained at low temperatures [30] , which allow us to obtain 
the extrapolated value of Hci{T = 0). The estimated 
values of k are: k ~ 65 for Y123(Tc=52 K), k ~ 56 for 
Y123(Tc=62.5 K) and k ~ 80 for Y123(Tc = 41 K). The 
error on k is (over) estimated to be ~< 10. 
By using the experimental obtained values of ^§fr-, k 
for Y123, syi23=12A, kb» = 82 [26], and SBt=20A in 
the expression above for r, we obtain: r(y^)= 0.96 , 
r{y^)= 1.43 and riy^) = 1.23. The experimental 
values are r{y^) = 1.40, r(y^) = 1.69, and riyffj^) 
= 1.76. The largest deviations between experimental and 
calculated values are ~ 40%, which is found for samples 
with Tc= 62.5 and 41 K. 

To provide conclusive evidence of two-dimensional LLL 
scaling universality, one would expect much smaller de- 
viations in r. It should be noted that, independently of 
the above result, the basic scaling theory is expected to 
be independently valid for each system here studied. We 
finally note that in previous work with Nb [20] , where si- 
multaneous scaling was performed for Nb and Y123 data 
(two systems with dimension = 3), evidence for universal 
three-dimensional LLL behavior was not obtained. 
Finaly, we attempt to verify if diamagnetic fluctuations 
due to non-local electrodynamics effects [31], that appear 
from strong magnetic fields, might explain the observed 
deviations between theory and experiment concerning 
two-dimensional LLL. It is important to mention that the 
LLL theory was developed under the Ginzburg-Landau 
theory for strong magnetic fields [14] which is local [14] 
and corresponds to the first term expansion of the Gorkov 
theory. For stronger fields [31], higher order terms ex- 
pansion of the Gorkov theory are necessary producing 
non-local field terms. In this case, it has been shown 
[31] that M{T)H-°-^/T is a universal function of H/H„ 
where M{T) is the fluctuation magnetization and Hg is a 
sample dependent field. Experimentally, the above scal- 
ing only works at T = T^. Above M{T)H-°-^/T vs 
H/Hg produced universal curves at temperatures given 
by I dHc2dT \ [T - T^) / H = c where c ^ is a con- 
stant. This universal behavior have been shown to work 
for many convencional type II superconductors [31,32,27] 
with Hs as high as Hc2, but, from our knowledge, it was 
never tested on high field data of high-Tc superconduc- 
tors. Figure 4a shows curves M{T)H-°-^/T vs H/Hg 
obtained for Y123 data shown in Fig. 1. We only anal- 
ysed Y123 data because they have a sharper Tc when 
compared to Bi2223 (in the analysis of convencional su- 
perconductor data, ATc « 10~^K [32]). It is possible 
to see in Fig. 4a that the behavior of the curve obtained 
with values of magnetization at T — Tc is followed by the 
curves with | dHc2dT \ {T-Tc)/H = 0, 5 and 1, which re- 
sembles the behavior observed in the similar plot for con- 
vencional superconductors [32] . It is not possible to verify 
if our data follow the same universal curve of Ref.32 since 
the magnitude of M{T)H~^'^ /T for our samples are two 
orders larger than the same quantity for conventional su- 
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pcrconductors. In plotting Fig. 4a, we try to obtain val- 
ues of the X axis with similar order of magnitude (aprox- 
imately one order larger here) as in the universal curve 
obtained for convencional superconductors appearing in 
Ref.32, which produced the values of the field Hg listed 
in Fig. 4a. It is interesting to note that the data for Y123 
with Tc = 62K do not follow the "scale" for the curves 
with I dHc2dT \ {T-Tc)/H = 0, 5 and 1. This is because 
data for this sample (Tc = 62K) have a (almost) perfect 
match with the 2D-LLL theory (see Fig. 2). At T = Tc, 
we observed that the experimental values of magnetiza- 
tion are close to the values calculated from the 2D-LLL 
expression, which means that only at T = Tc the fluctua- 
tion magnetization obtained from the 2D-LLL theory also 
satisfies the non-local field scaling of Fig. 4a. The later 
fact does not occurr for temperatures above Tc. Figure 
4b shows a plot for samples with Tc—52 and 41 K (similar 
to Fig. 4a) for | dHc2dT \ (T-Tc)/H = 1 , but with mag- 
netization calculated from the 2D-LLL expression using 
the fitting results (| dHc2dT \ and k) listed in the table 
(the curves calculated for | dHc2dT \ (T - Tc)/H = 0.5 
are very similar and are not shown). It is clear in Fig. 
4b that, for temperatures above Tc, fluctuation magneti- 
zation calculated from 2D-LLL for samples with Tc=52 
and 41 K do not follow the non-local field scaling that 
experimental data do in Fig. 4a. Comparison of Figs. 4a 
and 4b suggests that non-local electrodynamics effects 
due to high fields should have an important rule on fluc- 
tuation diamagnetism above Tc for these two samples, 
which might explain the deviations between the experi- 
ment and lowest-Landau-level theory found in this work. 
In conclusion, our study shown that high field fluctua- 
tions on reversible data of Y123 crystals and Bi2223 are 
well explained by two-dimensional lowest-Landau-level 
fluctuations. The scaling analysis performed on Y123 
data produced consistent values for the upper critical 
field Hc2 for the studied samples. The data of each sam- 
ple was fitted by the predicted 2D-LLL universal the- 
ory, which produced reasonable values of the Ginzburg- 
Landau parameter k, but much larger values of 
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The fitting show that theory predicts larger values for the 
diamagnetic fluctuation for temperatures above Tc{H). 
A different test, than the fitting, was performed to check 
the hypothesis of universality of 2D-LLL, but the results 
did not support this hypothesis for the studied samples. 
We also observe that Y123 magnetization data for tem- 
peratures above Tc obbey a universal scaling obtained for 
the diamagnetic fluctuation magnetization from a theory 
considering non-local field effects. The same scaling was 
not obbeycd by the corresponding magnetization calcu- 
lated from the two-dimensional lowest-Landau-level the- 
ory. 
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Figure Captions 

Figl. Zcro-ficld-coolcd M-vs-T curves as obtained for 
Y Ba2Cu^O-!-x crystals for magnetic fields ranging from 
5000 to 50000 Oe for crystal with = 41 K, and from 
10000 to 50000 Oe for crystals with = 52 K and 62.5 
K. The inset shows zero-ficld-coolcd magnetization data 
of Bi2223 used in the scahng analysis, obtained for mag- 
netic fields ranging from 10000 do 50000 Oe. 

Fig2. Two-dimensional LLL scaling of Y123 and 
Bi2223 (inset) data presented in Fig. 1. Dashed lines 
represent fittings of the data to the two-dimensional LLL 
universal expression for magnetization. Y123 curves were 
displaced along the Y axis to appear in the same figure. 

Fig3. Simultaneous two-dimensional LLL scaling of 
Y123 and Bi2223 (inset) data presented in Fig. 1. 
Dashed lines represent fittings of the data to the two- 
dimensional LLL universal expression for magnetiza- 
tion. The inset shows selected isothermic zero-field- 
cooled magnetization curves for the Y123 crystals. The 
magnetization curves were displaced along the Y axis to 
appear in the same figure, and magnetization for Y123 
with Tc— 41 K was multiplied by 2. 

Fig.4 {b)M{T)H-^-^ /T is plotted against H/Hs for 
Y123 data of Fig. 1. Dashed lines are only a guide 
to the eyes. {h)M{T)H-°-^ /T is plotted against H/H, 
with values of M(T) obtained from the two-dimensional 
lowest-Landau-level expression. 
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